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Abstract

Introduction: Radical surgical resection is the only potentially curative therapy for cancers arising in biliary epithelia
(gallbladder cancer and cholangiocarcinoma). Accurate radiological staging is crucial and the role of positron emission
tomography-CT (PET-CT) scanning in this regard is undefined.

Methods: A systematic review of the literature was carried out to define the accuracy of PET-CT in patients with
cholangiocarcinoma or gallbladder cancer in defining metastatic disease in portal, and extra-portal lymph nodes, the
presence of intra-hepatic satellite lesions, extra-abdominal metastases and recurrent disease in patients following
treatment. Results were displayed in a narrative format with no meta-analysis feasible.

Results & Conclusions: Four hundred and sixty eight records were screened, 49 were assessed and 12 studies were
included in the systematic review. PET-CT has a low sensitivity for regional lymph node metastases from cholangio-
carcinoma and gallbladder cancer but a high specificity. In one study, PET-CT appears to be effective in assessing all
nodal basins related to the liver, bile ducts and gallbladder. PET-CT has no role in the assessment of hepatic satellite
lesions but is useful in defining extra-abdominal metastatic disease and recurrent disease and to assess specific areas of
concern defined on CT scan and/or magnetic resonance scan.
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1 Introduction

Cancers of biliary epithelia can occur at a number of sites presenting either in the gallbladder as a carcinoma, as an
intra-hepatic cholangiocarcinoma or an extra-hepatic cholangiocarcinoma occurring in the upper, middle or lower thirds of
the extrahepatic bile ducts. Currently, the only potentially curative treatment available for gallbladder carcinoma and
cholangiocarcinoma in any site is radical surgical resection encompassing the primary tumour and regional lymph
nodes Y. This surgery is often technically challenging and is associated with significant morbidity and mortality since
extended hepatic resections or pancreaticoduodenectomy can be required. In addition, most patients presenting with these
tumours are elderly and in the 6th or 7th decades of life and have significant co-morbidities "%, Consequently, accurate
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clinical and radiological staging is critical in selecting those patients in whom surgery can be undertaken with the
expectation of cure.

Radiological staging is important in defining the presence of metastatic disease, presenting either as satellite lesions within
the liver (which are markers of vascular invasion) or metastases at more distant sites such as lung or bone. In addition,
staging is particularly important in defining the presence and extent of metastatic involvement of regional lymph nodes
since involvement of lymph nodes at the porta does not necessarily mandate against surgical resection but metastases to
more distant nodes such as in the celiac, retropancreatic and para-aortic chains almost certainly do ™ 2. Finally recent
advances in systemic therapy for biliary carcinomas have also highlighted the importance of accurate pre-operative staging
in selecting patients with unresectable tumours that could be effectively treated with chemotherapy and those with
borderline tumours who might benefit from neoadjuvant therapy with restaging prior to considering surgical resection &I,

Alongside conventional imaging with ultrasound, computed tomographic (CT) scans and magnetic resonance (MRI)
scans, positron emission tomography-CT scanning (PET-CT) is being increasingly used to guide surgical management in
patients with primary or recurrent carcinomas of the gallbladder and biliary tract. Previous studies have indicated a
possible benefit in detecting lymphadenopathy and metastases in the presence of a normal CT scan . Its role in this
capacity is, however, undefined. There is minimal recent evidence on this subject and previous papers have often been
written from a radiological rather than a surgical perspective .

Thus, the aim of this study was to conduct a systematic narrative review of recent evidence pertaining to the use of
PET-CT for patients with primary or recurrent gallbladder carcinoma or cholangiocarcinoma (either intra-hepatic or
extrahepatic location) emphasizing the current evidence as it relates to staging required prior to considering patients for
radical surgical resection. There was a specific focus on the proportion of patients whose management would differ from
the additional information gained from a PET-CT rather than on statistical measures of precision and accuracy alone. A
secondary aim of the study was to draw conclusions about the strengths of PET-CT in staging the surgically important
subtypes of these cancers (e.g. extra-hepatic vs. intra-hepatic cholangiocarcinoma). This investigation was undertaken to
answer the following questions.

1) In patients presenting with biliary (intra-hepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma and
gallbladder) cancer how effective is PET-CT in defining metastases to regional lymph nodes (portal,
retropancreatic, celiac and para-aortic basins).

2) In patients with biliary cancer how effective is PET-CT in defining the presence of intra-hepatic metastases
(satellite lesions).

3) In patients with biliary cancer how effective is PET-CT is defining metastatic disease in extra-abdominal sites.

4) In patients with biliary cancer who had already undergone potentially curative resection how effective is PET-CT
in defining recurrent disease within the tumour bed, regional lymph nodes or at distant sites.

2 Methods

2.1 Systematic literature search

The following terms were used to devise a search: Gallbladder cancer; Gallbladder neoplasms; Cholangiocarcinoma; bile
duct cancer; PET; positron emission tomography. The search was run independently by two authors (SS, BM) according to
the validated methods of the PRISMA statement /. There were no restrictions on language. The databases examined were
MEDLINE (1966-2013), Cochrane Central Register of Controlled Trials, EMBASE (1947-2013), PubMed and Web of
Science. The reference lists of all included papers, as well as related review articles, were manually searched to identify
further relevant studies.
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2.2 Study selection
Published studies that evaluated the use of PET-CT in patients with primary or recurrent cholangiocarcinoma or
gallbladder cancer were included. Exclusion criteria were: Studies published prior to 2008; review articles; case reports;
articles not specific to PET-CT and cholangiocarcinoma/ gallbladder cancer. Papers were scrutinised for inclusion
independently by two authors (SS, BM) with disagreement resolved by consultation with the senior author (JBK) if
consensus could not be reached.

2.3 Outcomes assessed

Study characteristics were noted and the outcomes of interest were the detection of primary disease, satellite lesions, nodal
disease and metastases. Recurrent disease was also examined as appropriate. These outcomes were noted for gallbladder
cancer and cholangiocarcinoma separately with further stratification by anatomic site for the latter. When further details
were not available, the results were noted for cholangiocarcinoma or biliary cancer alone. Statistical measures of accuracy
were noted by reporting sensitivity and specificity as well as the eventual proportion of patients whose management was
changed by the use of PET-CT.

3 Results

The literature search yielded 12 papers " for inclusion in the study as outlined in the PRISMA statement of search
results (see Figure 1). The study characteristics for all included papers are summarised in Table 1 and the results as they
pertain to the four clinical questions driving this review are summarized in Table 2.

Records identified through Additional records identified
.§ database searching through other sources
g {n=570) (n=3)
=
§
— ¥ h J
Records after duplicates removed
(n = 468)
. :
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2 A\
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(n=12)
E Studies included in
-g quantitative synthesis
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Figure 1. PRISMA Statement of search results
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Table 1. Summary of study characteristics

Author Year No. of Patients Study design Malignancy Diagnostic criteria
Butte 1 2009 32 Pro GBC SQ
Corvera [ 2008 126 Retro GBc/CC SQ
(Intrahepatic/
Extrahepatic)
Furukawa [ 2008 72 Retro GBC/ CC Visual
(Extrahepatic)
Kim 2008 123 Pro CC  (Intrahepatic/ SQ/ Visual
Extrahepatic/ Hilar)
Kitajima % 2009 50 Retro GBCICC Visual
Kumar 2012 49 Retro GBC Visual
Lee 23 2010 99 Retro CC  (Intrahepatic/  SQ/ Visual
Extrahepatic
Lee (12 2011 50 Retro GBc/CC SQ/ Visual
(Intrahepatic/
Extrahepatic
Li 4 2008 17 Pro CC (Hilar) SQ/ Visual
Ruys [ 2011 30 Retro CC (Hilar) SQ/ Visual
Seo 119 2008 27 Retro CC (Intrahepatic) SQ
Shukla 7 2008 24 Retro GBC Visual

Note. Retro: Retrospective; Pro: Prospective; CC: Cholangiocarcinoma; GB: Gallbladder carcinoma; SQ: Semi-quantitative

Table 2. Summary of study findings

Question

Butte [ Corvera Furukawa [ Kim ! Kitajima ! Kumar 4
1/13
How effective is unsuspected
Detected 6/19
PET-CT in ccA nodal met (8%) o eecte
defining Sensitivity 96%  Sensitivity 33?’ 31.6%
regional lymph Specificity 89% Specificity 97%
node metastases 11 /32 nodal Lymph node
GBC

mets metastases 39%
How effective is
PET-CT in CCA
defining )
intra-hepatic GBC 6/32 liver
satellite lesions metastases

Detected 7/12
CCA -
How effective is Distant ;
D
PET-CT in metastases in 10 wiettt?(;[izctiaifatlents
defining distant i
enning distan GBC patl'ents (lung, metastases

metastases peritoneum,

paraaortic

nodes)
How effectiveis  CCA Sensitivity 89%
PET-CT in
defining Lymph node
recurrent disease 10/32 positive in Sensitivity 87% z:zt:sstases Tl
in patients who GB bed after Specificity Specificity 83% »
have already GBC cholecystectomy ~ 100% ioFdzlse postive
undergone |
resect?on one 15 scans showed

hepatic recurrence

(Table continued on page 5)
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Table 2. (continued)

Question

Lee 2010 [ Lee2011 0 | ji4 Ruys ! Seo 1€ Shukla M
How effective
isPET-CT in Sensitivity Sensitivity 7128
defining CCA 41.7% 67% Sensitivity 43%

Sensitivity 82.1%

regional lymph Specificity 95.3%

node metastases

Specificity 95%  Specificity 80%  Specificity 67%  Specificity 100%

Specificity
cBC 90%-100%
How effective is
PET-CT in
defining CCA
intra-hepatic
satellite lesions
GBC
How effective is
PET-CT in CCA Sensitivity 33%
defining distant Specificity 96%
metastases
GBC
How effective is
PET-CT in
defining
recurrent
disease in CCA
patients who
have already
undergone
resection
GBC

3.1 Gallbladder carcinoma

Seven studies examined the role of PET-CT in gallbladder carcinoma "8 12217 18] though two studies ® *@ did not report
their results specifically. Butte et al  investigated 32 patients with incidental gallbladder carcinoma following
laparoscopic cholecystectomy. Thirteen patients had negative PET-CT results, 9 refused further resection with only one of
the four patients resected having residual disease on operative exploration. PET-CT changed management in 12 out of 32
patients (38%) demonstrating unexpected disseminated disease in 10 patients and localised resectable disease in 2 patients.

Corvera et al [ studied 31 patients with gallbladder cancer within their published series. They demonstrated a sensitivity
of 86% and a specificity of 50% for detection of the primary tumour and a sensitivity of 87% and specificity of 89% for
detection of nodal/ distant disease respectively. This resulted in a change in treatment for seven (23%) patients. Shukla et
al "7 evaluated the role of PET-CT in 24 patients with incidental gallbladder cancer prior to radical resection. They
demonstrated that PET-CT predicted resectability with a sensitivity of 100% but was not significantly superior to
conventional CT. PET-CT demonstrated residual disease with a sensitivity of 28.5% and with a specificity of 80.9%.
These results may have changed clinical management for two patients. Kumar et al ! evaluated the role of PET-CT in
detecting recurrent gallbladder cancer in 49 patients. These investigators demonstrated a sensitivity and specificity of
97.6% and 90% respectively for detecting recurrent disease. PET/CT was shown to be more specific than conventional
imaging (100% vs. 50%) and would have resulted in a change in management for 5 (20%) patients.

3.2 Cholangiocarcinoma

There were nine studies "% 218 which evaluated the role of PET-CT in cholangiocarcinoma. Two studies reported their
results as “biliary’ cancer with no further detail [ **l. Other studies further stratified cholangiocarcinoma location into
either intra-hepatic or extra-hepatic though did not present all endpoints of interest by subcategory ***I.
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3.2.1 Extrahepatic cholangiocarcinoma

Corvera et al [ studied 41 patients with extra-hepatic cholangiocarcinoma and demonstrated sensitivity and specificity of
69% and 67% respectively for detection of the primary tumour. Sensitivity and specificity for nodal and distant metastatic
disease was 93% and 86% respectively and this led to a change in management for 8 (20%) patients. The series by Kim et
al ™ included 87 patients with extra-hepatic cholangiocarcinoma and PET-CT demonstrated sensitivity and specificity of
81% and 79% respectively for detection of the primary tumour. There was no difference between PET-CT and
conventional CT in the detection of the primary tumour but MRCP was shown to have significantly higher sensitivity than
PET-CT.

Li et al ™ investigated pre-operative staging of hilar cholangiocarcinoma in 17 patients with PET-CT and demonstrated a
sensitivity of 59% for the detection of the primary tumour. Sensitivity and specificity for the detection of nodal disease was
42% and 80% respectively and 56% and 88% respectively for the detection of metastases.

Ruys et al ™ conducted a study in 30 patients with hilar cholangiocarcinoma. The primary tumour was detected by
PET-CT in 88% of patients. Sensitivity and specificity for the detection of regional lymph node metastases were 67% and
68% and for distant metastases were 33% and 96% respectively. The authors reported a potential change in clinical
management due to PET-CT findings in three (10%) patients.

3.2.2 Intrahepatic cholangiocarcinoma

The study by Corvera et al ["! contained 20 patients with intrahepatic cholangiocarcinoma and PET-CT showed a
sensitivity and specificity of 95% and 100% respectively for detection of the primary tumour. The sensitivity and
specificity for detection of distant disease was 100% and 94% respectively resulting in a change in management for 7
(33%) patients. Kim et al ®! included 36 patients with intra-hepatic cholangiocarcinoma and PET-CT demonstrated
sensitivity and specificity of 95% and 80% respectively for detection of the primary tumour. There was no difference
between PET-CT and conventional CT or MRCP in detection of the primary tumour. Seo et al ** investigated PET-CT use
in 27 patients with mass-forming intrahepatic cholangiocarcinoma. When PET-CT, CT and MRI were considered for the
detection of nodal disease, the sensitivities were 43%, 43%, and 43%, and the specificities were 100%, 76%, and 64%,
respectively. A high standardised uptake value on PET-CT was also shown to be independently associated with
postoperative recurrence.

3.2.3 Cholangiocarcinoma not otherwise specified

For all patients in their series (intra-hepatic and extra-hepatic cholangiocarcinoma) Kim et al ! demonstrated that PET-CT
had a higher specificity than CT for detection of regional lymph nodes (88% vs. 65%; p < 0.001) with no difference in
sensitivity. PET-CT also had significantly higher sensitivity than CT for the detection of metastases (58% vs. 0%; p =
0.02). PET-CT resulted in a change in management in 15 (16%) patients.

3.3 Biliary cancer not otherwise specified

Furukawa et al © investigated the role of PET-CT in 72 patients with either gallbladder cancer or extra-hepatic
cholangiocarcinoma. PET-CT detected the primary cancer in 86% of cases with CT diagnostic in 96% of patients. PET-CT
showed lower sensitivity (33% vs. 57%) and higher specificity (97% vs. 79%) than CT scan, although the values were not
significantly different. Lee et al ¥ studied PET-CT in 99 patients with suspected gallbladder cancer and cholangio-
carcinoma. There were no differences in sensitivity and specificity for the detection of primary tumour or lymph node
metastases between PET-CT and CT. PET-CT was shown to have higher sensitivity than conventional CT in the detection
of metastases (95% vs. 63%; p = 0.02). PET-CT changed management in six patients.

3.4 Recurrent biliary cancer

Corvera et al [ included 33 patients with suspected recurrent biliary cancer within their series. PET-CT was diagnostic in
25 (76%) patients with a sensitivity and specificity of 89% and 100%. PET-CT changed clinical management in three (9%)
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patients by correctly identifying disease not seen on conventional imaging. Kitajima et al ™ studied the role of PET-CT in
50 patients with recurrent gallbladder cancer and cholangiocarcinoma. Amongst patients with suspected recurrence (n =
40), PET-CT showed sensitivity and specificity of 86% and 83% respectively. For the group of patients thought to be
disease-free, PET-CT showed sensitivity and specificity of 100%. The use of PET-CT resulted in a change in management
for ten (20%) out of 50 patients.

4 Discussion

This review was undertaken to clarify the effectiveness of PET-CT in primary or recurrent gallbladder cancer or
cholangiocarcinoma. It was planned to perform a meta-analysis of the results of the systematic review but the
heterogeneity of the publications, particularly those that included a number of cancer subtypes for analysis under the
grouping of biliary cancer made this impossible to perform in a meaningful way. Consequently a narrative review was
carried out. Despite the limitations of the available data as outlined below, a number of clinically relevant findings can be
inferred.

PET-CT has a high specificity for regional lymph node metastases with most studies in cholangiocarcinoma reporting this
between 89% and 100% [ & 3 16171 Ruys et al * reported a lower specificity of 67% (12 of 18 positive nodes)
respectively. These investigators emphasize that their results may have underestimated the effectiveness of PET-CT since
three patients with positive scans did not have nodes assessed histologically because of tumour unresectability. Kim et al &
have emphasized that small tumour size and the growth pattern of cholangiocarcinomas, with small nests of cells
embedded in a fibrous stroma, may compromise the accuracy of PET-CT in low volume deposits seen in regional lymph
nodes. However, the high specificity emphasizes that a positive scan is a useful and accurate means of determining lymph
node status preoperatively while a negative scan is less reassuring. Only Shukla et al *”? formally assessed the efficacy of
PET-CT in defining nodal metastases in different lymph node basins with specificities reported between 90% and 100% in
nodes in the porta, retropancreatic, pericholedochal and para-aortic basins. There is reason to believe that similar results
would be obtained for regional lymph node metastases in gallbladder cancer although only Butte et al © report limited
results for the use of PET-CT in these patients.

Minimal use of PET-CT has been made in the definition of satellite lesions in either cholancarcinoma or gallbladder cancer.
Butte et al © reported the effectiveness of PET-CT in defining liver metastases in patients with carcinoma of the
gallbladder. All reported studies rely on standard cross-sectional imaging with triple phase CT scan or MRI to formally
assess the liver for metastatic deposits ©* 7.

PET-CT has also been used in the detection of metastatic disease. Corvera et al I"! found in patients with gallbladder cancer
that PET-CT demonstrated metastatic disease in 23% in whom other imaging studies were normal and this included
patients with extra-abdominal metastases (lung, mediastinal and bone) as well as intra-abdominal metastases (peritoneal
and port site). Similar results were obtained in patients with cholangiocarcinoma in whom 37% had conclusive or
suggestive evidence of distant metastatic disease on PET-CT.

The use of PET-CT in defining recurrent disease after treatment is an emerging indication as systemic therapies for
patients with recurrent disease improve. Butte et al ©! reported 10 of 32 patients with positive PET-CT scans with residual
carcinoma in the gallbladder bed following initial treatment with laparoscopic cholecystectomy alone. Lee et al %
reported that PET-CT was useful in detecting lymph node metastases and hepatic recurrence following radical resection
for gallbladder carcinoma. However Corvera et al /" emphasized that while PET-CT identified recurrent cancer in 76% of
their patients, in all but three patients (9% of those evaluated) the recurrences were visible on standard cross-sectional
imaging with CT or MR 9,
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This systematic review of the 12 publications has highlighted a number of issues within the PET-CT literature that make it
difficult to obtain definitive answers to the four questions underpinning this review. Firstly, many studies group all cancers
of the biliary tract together and present pooled data for cholangiocarcinoma (both intra and extra hepatic) and gallbladder
cancer 3. This probably reflects the low numbers of patients overall and a desire to optimise interpretation of imaging
results. However, it is an oversimplification since the biology, paths of lymphatic spread and modes of surgical treatment
are different for each cancer. A number of investigations have included patients presenting with gallbladder cancer
following laparoscopic cholecystectomy and combine them with patients presenting with de novo disease . Only the
study of Shukla et al ") provides a breakdown of the anatomical sites of lymph node metastases. This is important since
the presence of periportal node metastases does not mitigate against resection of either cholangiocarcinoma or gallbladder
cancer but the presence of nodal metastases in the common hepatic or celiac nodal basins would be a contraindication. The
reviewed studies also differ in the descriptive methodology used to describe results. Most use sensitivity and specificity to
describe the accuracy of PET-CT in various settings ["! although others simply describe PET positivity rates and numbers
of patients in whom PET-CT findings resulted in a change in management °!. Because of the retrospective and
observational nature of all the investigations a significant number of patients did not undergo resection and consequently
there was no histological confirmation of PET-CT findings ' %

Despite these caveats, the following recommendations for the current use of PET-CT in the assessment of
cholangiocarcinoma and gallbladder cancer can be made.

1) PET-CT has a low sensitivity for regional lymph node metastases from cholangiocarcinoma and gallbladder
cancer but a high specificity. There is a role for PET-CT scan to investigate abnormal appearing lymph nodes
seen on standard cross-sectional imaging if a positive finding will change management. Based on a single study
PET-CT appears to be effective in assessing all nodal basins related to the liver, bile ducts and gallbladder.

2) PET-CT has no role in the assessment of hepatic satellite lesions.

3) PET-CT is useful in defining metastatic disease but predominantly in patients with abnormalities in standard
cross-sectional imaging. PET-CT should be reserved to assess specific areas of concern defined on CT and/or
MRI.

4) For patients with potentially recurrent disease, most recurrences (either intra or extra-abdominal) will be visible
on CT or MRI. PET-CT should be reserved for the investigation of specific abnormalities defined with CT or
MRI
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